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Abstract 
In this study, an efficient and fast-working method to detect microaneurysm lesions, first symptom of 
diabetic retinopathy, is described. The proposed method is based on mathematical morphology, object 
pixel classification and connected component analysis. The proposed algorithm responses in 4.8 seconds 
for 2048x1536 pixel images. This shows this system runs faster than other microaneurysm detection 
systems. The sensitivity and specificity of this system is 69.1% and 99.3% specificity, respectively. 
Keywords: Connected component analysis, Diabetic retinopathy, Microaneurysm, Mathematical 
morphology. 
 
1. Introduction 
Diabetes mellitus known as diabetes all over the world is a multi-system disease which causes vision loss 
and may result in cataract. It is due to be unable to regulate blood sugar well [1]. High level blood sugar 
may damage blood vessels of eye which is called as diabetic retinopathy. Diabetic retinopathy is a 
progressive eye disease which might result in blindness due to changes like bleeding and vascularization 
[2, 3]. 
Diabetic retinopathy contains two stages which are non-proliferative and proliferative diabetic 
retinopathy. First symptom of diabetic retinopathy falling within non-proliferative stage is 
microaneurysm. Color of microaneurysm is red and its size changes between 10 and 100 µm [4, 5]. To 
prevent diabetic patients from vision loss and blindness, microaneurysm detection is necessary. 
A number of methods to detect microaneurysm lesions have been proposed in the literature. Mathematical 
morphology has been used to extract blood vessels from fundus images in Baudoin et al. [6], Kande et 
al. [7], Spencer et al. [8] and Fleming et al. [9]. After extraction of blood vessels, support vector machine 
and connected component analysis were used to classify and eliminate candidate red lesions in Kande et 
al. [7], region-growing algorithm was used to detect microaneurysms in Spencer et al. [8]. Fleming et al. 
[9] has developed mathematical morphology algorithm by adding local contrast normalization method 
to eliminate candidates. Streeter and Cree [10] has proposed a top-hat method to suppress vessels and 
filter by using complex-valued and circular symmetric filters on Eigen images. Morphological analysis 
has been done to decrease false positive rate. Bhalerao et al. [11] has proposed an algorithm based on 
median filter and blob detection for preprocessing and circular symmetric filters to differentiate 
microaneurysm from vessels. Matched filter and morphological analysis has been utilized for candidate 
regions. 
There are some difficulties to detect microaneurysm lesion on RGB retinal fundus images. Red lesions 
such as blood vessels and hemorrhages on retina have same color with microaneurysm. In addition to 
this, bright areas such as optic disc and exudates make microaneurysm detection difficult. Consequently, 
number of false positives and false negatives increase. Our main objective in this study is to develop a 
software to detect microaneurysm lesions automatically in a short time with a very high specificity and 
reasonable sensitivity. The performance of the system about specificity and response time is higher than 
almost other studies. This paper consists of three sections such as Proposed Algorithm, Results and 
Discussions, Conclusion. In Proposed algorithm section, steps and details of proposed algorithm are 
presented. In Results and Discussions section, obtained results are shown and compared with other 
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studies. In Conclusion section, conclusions are presented. 
 
2. Proposed Algorithm 
The proposed algorithm is designed as a fully automatic system to detect microaneurysm lesions. Fig 1 
shows the block diagram of the system. The system takes RGB retinal images as input and marks the 
microaneuryms lesions on it, then counts the microaneurym lesions and returns both of them as outputs. 
The proposed algorithm consists of three main parts such as pre-processing, feature extraction and 
classification-elimination. 
Figure 1. Basic block diagram of the system 
 
2.1. Pre-processing 
Pre-processing stage is to work on better images than original images. It is a necessary stage in this study 
to improve image quality, get rid of noises, and enhance contrast and separate background with objects 
on the image. First of all, original image shown in Fig. 2a is converted to green channel image shown in 
Fig. 2b since contrast difference between background and red or almost red objects is higher. In addition 
to this, green channel image is more explicit than red channel and blue channel images. Gaussian filter 
and median filter are applied to get rid of noises. For both, a 3x3 window is performed on green channel 
images. Result images are shown in Fig. 2c and Fig. 2d. 
 
2.2. Feature Extraction 
The next step is to apply opening and closing processes to help feature extraction. Opening process is 
erosion followed by dilation. Erosion is a process which makes objects smaller or thinner, supplies to 
make holes (if exist) bigger and separates connected components. Dilation is a process which makes 
objects bigger or thicker, supplies to make holes (if exist) smaller and makes connected components 
closer to each other [12]. The formula of opening process is shown below.    
 𝐴 ∘ 𝐵 = (𝐴 ⊝ 𝐵) ⊕ 𝐵 
Opening process is used along with structuring element function. Disc and 8 values were used as 
parameters of structuring element function. The result image is shown in Fig. 2e after opening process is 
applied.  
Closing process in contrast with opening process is dilation followed by erosion. The formula of closing 
process is shown below. 
 𝐴 • 𝐵 = (𝐴 ⊕ 𝐵) ⊝ 𝐵 
Opening process is used along with structuring element function. Disc and 6 values are used as 
parameters of structuring element function. The result image is shown in Fig. 2f after closing process is 
applied. As a result, lost areas and objects are obtained by opening and closing processes. After that, the 
result image is subtracted from green channel image. Thus, some parts of big areas such as blood vessels, 
optic disc and exudates are removed. The image obtained by subtraction process is shown in Fig. 2g.  
It is necessary to convert the image to a binary image so as to apply threshold method and make 
operations on connected component objects. Otsu threshold method is applied to have a binary image. 
Threshold value is automatically determined according to input image. The result image obtained by 
Otsu threshold method is shown in Fig. 2h.  
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2.3. Classification and Elimination 
Object pixel classification is done on the result image at this step. Because size of microaneurysm lesions 
is between 10 and 100 µm, firstly objects whose sizes are less than 10 pixels are removed and the result 
image is called as A. Secondly, objects whose sizes are less than 100 pixels are removed and the result 
image is called as B. When B image is extracted from A image, the result image has only objects whose 
sizes are between 10 and 100 pixels. That is, candidate microaneurysms are left on the image shown in 
Fig. 2i. 
Connected component analysis is applied to eliminate candidates from images. Because shape property 
of microaneurysm lesions are like ellipse, eccentricity property of connected component objects is 
performed on images. Eccentricity is a property which takes values between 0 and 1. When shape of an 
object is circle, eccentricity converges to 1. When shape of an object is straight line, eccentricity 
converges to 0. Eccentricity is the ratio of the distance between foci and axis length of the object. Since 
microaneurysm lesions are like ellipse objects, in this study eccentricity value is empirically calculated 
as 0.83 during experiments and used throughout this study. The result image is shown in Fig. 2j. 
Figure 2. Results of each step 
[(a) Original image. (b) Green channel image. (c) Result image after Gaussian filter (3x3 window). (d) 
Result image after median filter (3x3 window). (e) Result image after opening process. (f) Result image 
after closing process. (g) Result image after subtraction process. (h) Result image after Otsu thresholding. 
(i) Candidate microaneurysm lesions. (j) Microaneurysm lesions.]  
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3. Results and Discussions 
One hundred thirteen RGB retinal fundus images were tested by the proposed algorithm in order to detect 
microaneurysms. Many of images were obtained by retrospective archive of department of eye diseases 
of Karabük University Medicine Faculty. These images contain microaneurysm lesions and they were 
captured by a scientific camera. The scientific camera whose features are shown in Table 1 is used to 
capture RGB retinal fundus images. Some images were taken from Biomedical Engineering Institute of 
Ilmenau Techniche University and they were used for test. 
 
Table 1. Features of the scientific camera 
Parameter Feature 
Brand name Canon 
Resolution 22.3 MP 
Image size 2048x1536 
Sensitivity ISO 25600 
 
When the proposed algorithm is performed, all steps of the proposed algorithm for a sample RGB retinal 
fundus image are shown in Fig. 2 for a sample RGB retinal fundus image. 
All 2048x1536 pixel images were tested on an i7 4.00 GHz PC using Matlab. The average response time 
for an image is 4.8 seconds although image resolutions are high. 
The accuracy of the proposed algorithm has been evaluated by sensitivity and specificity values. To 
calculate both of them, four statistical measures such as true positive (TP), false negative (FN), false 
positive (FP) and true negative (TN) are calculated. TP means a diseased person who is correctly 
identified as having a disease by the test. FN means a diseased person who is incorrectly identified 
healthy by the test. FP means a healthy person that is incorrectly identified as having the disease by the 
test. TN means a healthy person who is correctly identified as healthy by the test. 
 
Table 2. Statistical measures 
Test Result – Expert Result Microaneurysm Non-microaneurysm 
Microaneurysm TP FP 
Non-microaneurysm FN TN 
 
Sensitivity=TP/(TP+FN)          
Specificity=TN/(TN+FP)  
        
It is aimed at reaching 100% for both sensitivity and specificity. However, sensitivity and specificity 
decrease since images have noises, artefacts, too small microaneurysms and remaining parts after feature 
extraction. For the proposed algorithm, the average sensitivity and specificity are 69.1% and 99.3%, 
respectively. A sample image whose microaneurysm lesions are detected is shown in Fig. 3. 
Trucco et al. [13] published a paper which shows sensitivity and specificity results of other papers about 
detection of microaneurysms. The comparison of results with regard to sensitivity and specificity is 
shown in Table 3 below.  
 
4. Conclusion 
In this paper, we have proposed an algorithm to detect microaneurysms in RGB retinal fundus images 
taken from diabetic retinopathy patients. The proposed method is based on mathematical morphology, 
object pixel classification and connected component analysis. It performs reasonable sensitivity 69.1% 
and very high specificity 99.3% for only 2048x1536 pixel images and takes average 4.8 seconds for 
calculation. Therefore, our microaneurysm detection system is a helpful model and performs better than 
other studies in the literature about specificity and response time. 
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Figure 3. A sample result image 
 
 
Table 3. The comparison of results with regard to sensitivity and specificity 
Author Sensitivity Specificity 
The proposed algorithm 69.1% 99.3% 
SujithKumar et al. [5] 94.44% 87.5% 
Baudoin et al. [6] 70% 86% 
Kande et al. [7] 100% 91% 
Fleming et al. [9] 85.40% 83.10% 
Streeter & Cree [10] 56% 5.7 FP 
Bhalerao et al. [11] 82.6% 80.2% 
Tavakoli et al. [13,14] 94% 75% 
Giancardo et al. [13,15] 50% >10 FP 
Niemeijer et al. [13,16] 60% 8 FP 
Mizutani et al. [13,17] 65% 27 FP 
Quellec et al. [13,18] 90.24% 89.75% 
Walter et al. [13,19] 88.50% 2.13 FP 
Huang et al. [13,20] 68% >40 FP 
Quellec et al. [13,21] 87.90% 96.20% 
Serrano et al. [13,22] 90.72% 82.35% 
Yang et al. [13,23] 90% 80% 
Hipwell et al. [13,24] 85% 76% 
Cree et al. [13,25] 82% 84% 
Spencer et al. [13,26] 45% >150 FP 
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